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]. SO1.AR 1’1 lliNOMJ;NA

Onc of the OIC!CSL  mys[crics in gcomagnctism is the linkage bctwccn solar and geomagnetic

ac(ivi[y. Sabinc (1 852), first noted that both LIw numbers of sunspots and geomagnetic storms at

l;arlh have an clmcn year cycle. A fcw years lam-, Carringtm (1 860) r-cpor-tcd that a large

magnetic storm followed the grca( Scptcmbcr 1859 solar fiarc and a causal  relationship between

flaws  anti storms was spcculalc(i. It was not unti] this ccntu~y  that a well-acccptcci statistical

survey on large solar ilarcs an(i g,comagnctic  storms was performed (Newton, 1943). The results

in(iicatcd that a significant ccmclation  bctwccn  ftarm an(i geomagnetic storms exist.

Although the two phcnorncna, onc at the Sun an(i the other at the Earth, were statistically

cmclatc(i,  the exact physical linkage was stili an unknown al this time. Var_ious hypotheses

were pmposc{i.  It was not until the Skylab white light cmmagraph images were available, that

lar”gc  masses of cmonai ma(crial were obscrwxi  to bc cjcctc(i  from the Sun in association with

solar ~larcs (an(i pmmincmcc  cmptions). The plasma link bctwccn the Sun and the Ilarth thus

bccamc WC1l established.

l~igurc 1, is an example of onc sLIch solar ejection, cal]c(i a Coronal Mass Ejection, or CMi3

(Gosling ct ai., 1975). Althougil  it was originally thot]ght  that the magnetic annihilation (which

is the cause of solar llarcs) pruvidcci the cnc.rgy for ti]c expulsion of the corona] mater-ial, careful

timing analyses (icnlonstrlrtc(i that the CMI;S  ar”c l“c]msc(i  fir’st, an(i thLls ftar”cs  ar”c after-effects of

the mass cjcclions  (Ilamison,  1 986). ‘1’his has lcci to sornc scvcrc rethinking of how mass is

cjcctcxi  frwm the solar corwna,

11. TYPES 01~ SOI ,AR WJ N]>

‘1’i~crc  have. bcc,n plasma an(i magnc.tic  ficl[i instruments onboar-d  interplanetary spacecraft

since the early 1960s. “1’hcsc cxpcrimcnts  (iiscovcrc(i  that there is a continuous flow of plasma

coming outwar(i fmm the S,lrn. At 1 Astrwnornical lJnit  (tire Earlh’s (iistancc  from the Sun), ti]is

“so]ar win(i’t has a ncrrj]nal  vc]ocity  of - 400 km s-l an(i a (icnsity  of -8 to 10 par[iclcs  crn-~.

“J’hc plasma consists of primarily 1101 electrons (’l’c - 1.5 x 10S K) ami protons ( 1“~-().8x 1(14 K)



with a minor fraction (- 3-5%) of 1 lc+ + ions. ‘1’IIC plilSlllil tlilS 211 CIllbCd(lCd  INilgilCliC  f ield Of

in[cnsily - 5 n“]’. At Ilarth, 1 ALJ from the Sun, LI}C typical Plilstllii  L() magnetic field energy

density ~i~tio,  h~(il (8~nk”1’/112),  is tx)ugllly 1.().

IIcsidcs  the quicsccnl  solar wind discussed ahovc, al limes near solar  IllilXinlllIll  (by

definition when thcw  is a maximum number of sunspols),  high speed slrcams  occLIr with

vc]oci[ics occasionally greater than 600 km s-] and sometimes even greater than 1,000km  s-].

Approximately 90% of these cvcnls  arc associated wilh ~MHs. ]Iccausc  the ambient

magnctosonic WilVC SpCCd iS Only - 100 km S-l, (1w diffcrcncc in flow velocity bctwccn  the fastc~<

stream and lhc S]owcr St~CilT1l  is grcalcr lhan the magnctosonic (fa.sl  mode) speed. ‘1’1111S, a faSt

forward shock is fonncd at tbc leading cxigc  of the high-speed stream.

A schematic of (Iw shock and driver gas is shown in ]:igurc 2. “1’hcshock is Lhcoutcrmosl

(at~tisl]t]w:]rcl)  cxtcl~si(~l]  oftllcs ol:~r(listt]rl>allcc’sl  ~ropt]gatio]]  into interplanetary spacc. The

region immcctiatcly  behind (sunward of) the shock  is composed of swept-up, compressed and

accclcratcd  plasma and fields from the “slow” stream and is called the. “sheath” region. Rchimi

this is the driver gas (CME) proper. CJ’hC driver gas has previously been identified by a variety of

signalurcs: cnhanccd IIcliundhydrogcn  density ralios, low ion tcmpcraturcs,  high intensity

magnetic fields with low variances and bi-dimctional  streaming, of thermal ions and clcctmns. It

shou](i bc mentioned that no one mcasurcmcnt  or combination of mcasurcmcnts  have proved to

bc a perfect means of identification, bowcvcr (Zwickl  ct al., 1 983;  Choc Ct al., 1992). lntcnsc

research in this area is slill ongoing.

l]ccausc  of the typically high intensity ma~nctic fields (10-50  n-l’) and low plasma
: f,! *,,. ,i,!l. “l~z-/ .

tcmpciaturcs,  the ctrivcr gas is a low beta plasma, (3 = ().03 - 0.8A in about 1()% of the cases, the

magnetic field in these regions has an unusual configuration. with large out-of-the ecliptic

components. ‘his has been named a magnetic cloud (Klein and Burlaga, 1982). A rcccnt

schematic of the magnetic field configuration is shown in ];igure 3 (Marubashi,  1986).  When

crossing the cloud, the fic]d rotates from ]lottl]-to-s(~~]tl]  or south-to north  with a time scale of a

day or longer. q’his configuration is force-free, supported only by ficlcl-a]igncd  currents flowing

inside of it.

Onc fundamental question concerning this magnetic field region is whether it is “closed” like

a magnetic bubble, or whether il is a loop wi[h both ends remaining attacbc(i to the Sun. q’bc

prcscncc of bi-directional streaming electrons and protons in this region have. been used 10 argue

for a closed magnetic structure. 1 lowcvcr, the observations of energetic solar flare particles both

outside and inside of this structure and the small amount of modulation of cosmic rays by these

structures, have been used to ar~uc for an open structure still conncctcd back to the Sun (Kahlcr

and Re.amcs> 199 1). ~’hc argument about open or closed structures persist bccausc  one-



sp;lcccrafl  “cuts” through [bc l]lrcc-(]itll~:llsic)[l:ll slrLIct LIrL:c:IIIII<)l I“CSO]VC such a qucs[ion. Mu]li-

Spamratl nlcasurcnlcIl  1s al”cnccdcd.

111. MAGNi;'l"lC:  IIIi~{>NNli~rl'  l{) NANl)MAGNlrl'l~ S"I'()llMS

‘1’hchigh spcc(lplastl]a  cvc[lts which  awlcd  byshocks,  followed byplfislll:l  sllc:ltlls:lll(l  lhcn

the dr-ivcr gases, do not have direct access (o the llar-tb’s  daysidc a[mosphmc and ionosphere.

The protcclivc  mognctosphcrc  which is cmalcd by lhc intcmal  magnetic field of the ILarlh.

dcflccls [hc inlcrplanctary  plasma and fields, so the lat[m flow aroun(i  the magnctosphcm. The

so]ar wind plasma primaiilycntcrx  the n):lgnctosphcrc  lhmugb magnetic connection bctwccn the

intcrplanclary  magnetic fields and the Eotlb’s  oulcr fields, as schematically shown in F’igurc  4,

When the intc]planctary  magnetic ficl(i (lMl:) has a component with a direction opposite

(southward) to the magnctosphcric  ficl(is (northward), inter-connection can take place, and the

solar wind convects these fields back into tbc tail region whet.c tbcy rcconncct  once, mot-c

(Ilungcy,  1961; Vasyliunas, 1975). ‘1’hc nla.gnc[ic tension on the frcsh]y  wconncclcd  tail fields

“snaps” the rcconncclcd  fields and plasma forward toward the nigbtsidc  of tbc Ilarlh, The
.

convection process, through conservation of the first two adiabatic inva~iants  (p and ~Pds),

cncrgi~jcs lbc plasma. When the magnetic daysidc connection is par-ticular]y  intense, the

nigbtsidc  reconnection is also corrcspondi]lg]y  high, and the plasma is dr-ivcn deep into the

nightsidc magnctosphcrc. Bccausc the plasma is anisotrwpically  hca[cd by this prwccss,  plasma

instabi]i tics (Ioss-cone instabilities) occur, creating clcctromagnctic  and clcctros[atic  plasma

WOVCS, which cyclotron resonate with the cncrgctic partic]cs  (Kennel and Pctschck, 1966). l’hc

wave-partic]c interactions break tbc particles’ first :idiabatic  invariant, scat[crir]g thcm in pitch

angle. }’nrliclcs  that have their mirror  points 10WCM1 to altitudes at attl~(~spllcrc/iol]  ospl~crc

heights arc lost by collisions. ]n tlw loss prmcc.ss, attnosphcric  and ionosphc.ric  atoms and

molcculcs  arc cxcitcd, resulting in characteristic aurmal cnlissions. ‘J’hc above scenario is the

cause of the diffuse aurwm, a phenomenon which occurs primarily in the I ;arth’s  ]nidnight-to  -

di~wn sector. l’hc spreading of the aurora toward  local  down is caused by tll~: clcctmn azimuthal

(lrif(E,  a topic thi~t will bc ciiscusscd  sbor[ly.

“1’hc  nightsidc  convection electric fic]d which drives the plasma fmm the ti]il  into the

nighlsidc  l])ii~nctosphc~c  h a s  a dawn-lo-dusk o~icntii~i~]]. When this field develops

discontinuitics  with V“I~  < (), magnetic field-aligned currcn[s  with i~ss~ciat~d field-aligned

electric potential diffcmnccs and clcc(ron p~c~ipi[iltio[] dcvclc)p{.  “1’his powers (I1c - 1 ()() km

sci~l~ aur(~ra] precipitation (1 ,yons,  1980; 1992). Aurora of this typc iittt shown  in };igurc  5.

A S the cncrgclic parliclcs arc convcctcd deep into lhc ] ;arth’s  nightsidc lllil~llCLOSJ)] lCl”C,  hCy

il~c :11s() subjcctcd  to t~li]gnc.tic fic.ld CUI” V;IIUK :It]d  gra(]icnt  fOI.CCS. l’hCSC  t wO fOrUX ilCt i tl unison
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for (I]c Si]l]lc  chaI”gc  sign. and [IIC IIC[ c1’fcc[ is [ha( pIX)tOIIS drift I’t”om midnight Lowar(l dusk an(i

clcctml]s from midnigh(  toward dawn (I:igurc 6). ‘1’his oppositely dimclcd  (Irifl compristx  a rin~

O f  CLI1”ICII[  (lhC ring CIIITC110 alWUIld  thC  I;ilIlh. ‘1’hc current is a diamagnetic ollc, dccwasing  the

intcnsily of d]c Earlh’s iicld, as mcasumd al the cquato~. An cnhanccd ring cuncnt  is the prime

indicalor of a nlilgllCtiC  slm”m. “J’hc total energy of Lhc patticlcs in the ring current (measured by

the in[cnsi[y of the ~iia]]]i]gnt:[i~ field perturbation), is a mcasum of the storm intensity (Ilcsslcr

and I%kcr,  1959).

WC now compam (IIC ill[~;r[ll:lrlct:ll”y  fcalums discussed previously and their l“cliltionShips  to

the phases of a magnclic storm, shown in l;igum 7. In the };iguw, the cmiina[c  gives the change

in the horizontal component of the Earth’s magnetic field, measured by a ~hilin of ground  based

slations ]ocatcd  near the cclua[or  ((he ordinalc is the field avcmgccl  ovm these stations). ‘1’hc

abscissa gives time. I’hcm arc thmc phases to a gCOIIliigllCtiC  stoml, as indica[cd  in the Figure.

They arc called the initial phase, wbcrc tbc horizontal component incrcascs to posiiivc values of

up to 10’s of n’]’, a main phase which can have magnitudes of ncga(ivc hundreds of n“l’, and a

rccovcry  phase where the ficl(i  gradually rc[ums back to the ambient Icvcl. An avcmgc of these

deviations from the field ambicn(  vnluc is called the l>s’l’  index, mcasumd in nq’. ‘1’hc time scales

of the Ibrcc phases am indctcwninatc. ‘1’hc initial phase can last minutes to many hours, the main

phase a half-hem to SCVCWI hou~s,  and the rccovcry  fmm tens of hours  to a week.

“1’hc  initial phase is caused by the solar wind mm pressure  ( l/2<p-Vswz)  incrcasc  as the
,, ,/ ,

in~crplanctary  shock wave hits the fmntsidc ]~]tlgrlc[(>spl~cl.c.. “1’hcm arc both abrupt vc]ocity  and

plasma density incrcascs across the shock that Icad to the dramfitic ram pressure incrcasc. “l’his

pressure pulse rapidly  compresses the magnctospbcw and causes the incmasc in the avcmgc field

at the? Cx]llam.

“1’hc  storm main phase onset is initiated by a southwa]xi  lhfll< and conscqucntia] cnhanccci

magnetic mconncction. Duc to cnhanccd nightsidc convection, the Van Allen radiation belt

particles incrcasc in numbc~  and avcmSc  energy. As the ring cur]cn[ incrcascs, the diamagnetic

cwtmnt  c.auscs the dccmasc in the Harth’s field.

‘1’hc third, or rccovcry,  phase of the storm is dLIC  to the decay of this belt of cncrgctic

particles. “1’hcm arc four fundamcnta] mcchnnisms  for this loss: 1 ) wave-partic]c interactions,

where waves pitch- ang]c scatter the pwliclcs into the “loss corm”, 2) for cbargcd particles with

]OW minor points or lhosc tmppcd on ficl(i  lines within the p]asmasphc]”c  (a region of high

d e n s i t y  Plasmi]), ~~~llomb  intcmctions  [akc pli~~c, 3) cbargc  cxchangc  with ne.u[rals is a

dominant loss mechanism, par[icu]arly  a( Iargc I., and 4) convection across  the daysidc

magnctopausc  will lcacl  to 10ss within the ~]l:lgt]~~losl]~;a[ll. ‘l’he. first three pmccsscs  occur within

the slmm main and rccovcry phase. l’hc fourth mechanism only occurs during  the main phase.

lluring  p:li.tic~]li]~ly  inkmsc  storm mi]itl phases whew (IIC loss (imc scales can bc as rapid  as an
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hour or ICSS, the on]y possih]c mechanism is wiivC-pill”(iCIC  intcmctions.  ‘1’his  has Jlot kll

otJSL:rV:lti(>Jlil]]yC  ollfil”lllL:(i,”  hOwCVCr.

onc lypc or a u r o r a , which is specifically associated with magnc[ic st(JJ.ms,  is the brilliant

“blood” rcd aurora shown in Iiigurc  8. ‘1’hc Wd iltl~()~il  is ~lciltCd  by thc emission of :1 63(10 ~

OxygCll  l ine illl(i OCCUrS ilt VC~y  iligi] allitucics (200-600”  km) WilCJC lhc coliisional ciC-CXCitilliOn

lilllc; sc:llc>s  ilrc]argcrtll:lll  t]~CJ~l~~ti\s(i\bl~~  (]CCiiy liJllCof- 20[) S .  OIIC (hollgh[  ({~O~IIWil]] C[ al.,

] 97 ] ) iS Lhil( C] CC IJVJllilgllC[iC  iOll CyC]O(lX)Il  WNVCS ~CJICl”il(Cd  by thC ]0SS COIN  iJIShbjli[y  Of [hC

~illg CU~JCJl[  pJW([)llS  g~[ dillllpCd a n d  aCCC]CJ”dk  thC Jll:l~IIC[(KphC~iC  tllCJ’lllil]  C]CCtJUllS Up (0

cncrgics of2-3 cV. ‘I’iIcsc  ]owcJIL>J”gy c]cc(IOIIS:II”C stoppc(i  higl]it]  t])~iit]]l~sr)l]~~~  ~~sll]titlg  it-l

ti~c aurora. AJI(JIIIC14  possibili ty (Irok C( ii]., I!)g])  jS I]lilt  ~illg Clll”l’CJll  ioJIS a n d  CICCII<OJIS  aJW

sci~t[~~~d  and slowed (iown by Coulomb in[crilctions  with lhcrmal  plasma and aJ’c  eventually

r e m o v e d  from t r a p p e d  orbits. “1’ilcrc is n o w  mom cvi(icncc po in t ing  lowar(i lhc liittcr

lllCChillliSlll.

IV. AN INr~l;Itl)I,ANF;rJ’AllY  13XAM1)l.H

l’wviously,  in liigurc 2, wc sbowc(i the pmfilc  of the two p~illlil~y regions where illtcnsc

SO~lthwil~d iJltC~]l]ilJICttl~ ylll:lgllCtiC  fiC]dSCiin OCCll~W ithill the high-speed SlrCaJllS: ill thCShCath

region bchin(i  the shock, and in the (irivcr gas. Wc showmi tllill a ftux-mpc  configuration cou](i

lCi](i to]argcsouthwar(i  (an(i  nord]war~i)  fic]ci ()~icntiiti()ns,  ~~~agI~cticcc)Ill~cctio~~ a t  the Ilarlh’s

]~~i~~l~ct~sl~llcl”C.  (WhCII the lMI~ is so~lthwii~(i), an(i aurora. Figure 9 illUStliltCS five Obscrvc{i  an(i

hypothcsizmi  IllCChilTliSlllS  fO~ ShCath  SOLlthWilKi ficl(is. Pmcxisting southward fields caJ~ simp]y

bc (a) ccm]pJcsscLi by the shock, (b) the hcliosphcric cuucnt  sheet which separates the nmthcm

an(i soutbcm hcliospi~cric  ficl(is CaJI  bc (Iistorkd  and compressed by shock compression, and (c)

la~”gc  ampli(u(ic  waves and tuilulcncc.  or lhc prcscncc of discontinuitics can bc associated with

out -of- the-ec l ip t ic  ficl(i COIIIpOIICIItS,  (d) the Sbci]tl)  ])liisn~ii  flows ai”()~ln(i  tiIC (irivcr gas, thc

n~i\gncti  C ficl(is will (iri~pc  over it, much like the field d~ilping  amun(i a comet. ‘J’bc  magnetic

kmsion  witt cxpcl  plilsn~i~  (iown  th~;  lines of force creating a low bcti~ region near the stagnation

region (Y.wan i~n(i  W~lf, 1976). I;ini]lly,  (c) a ]]~cchilnis]~~  hi~s been (icnl~nstl.i~tC~i  f~~ c~ci~ting

large scale north-soulh  fields from fiows amun(i an ot~jcct like a (irivcr gas. ‘1’hc illustration

gives an example of this.

It sboul(i  bc notc(i that in Ihc two regions, the sheath an(i the (it-ivcr  ~i]s, tbc ficl(i  orientation

h~\s been cmi~irically foun(i  10 bc l)()~(l)wi~l(i-(ii]c:ctc(i  with C(]lli~l  probab i l i ty  aS for sollthwaJ+[i

cwicnlations. ‘1’ilcrc arc also cases where the ficl(i  lies primarily in tbc c.cliptic as W C]] as cases

W i t h  ]:l~gC JIO~(h-SOllth CO1llpOllClltS Whi Ch Vil~y I“ilpidly ill tilllC. “1’hC lilttC~ C:iSCS (iO llOt cause

SIOrInS bcc:lust>  of their SIIOJI rccol]l]ccti(~]  l/col~vcc(ic)r]  [imc sciilcs. ‘J’ilc rcsu]t is that only onc in



about 6 cases of ~M1{s thnt impinge upon tllc IZarlh Icad to an intense (l}s’l’ < -100 n’[’) magnetic

storm  (’1’surw(ani and G(Jn7,alc7,, 1 990).

Many of the so]ar wind-magnetic storm rclatit)llships  discussed ahovc can bc illustrated by

showing some space plasma data. A n  cx:ltllplcis~iv~:llil]  }:igum 10. F;ton] toptobottol~),(l)c

panels give dw solar wind velocity, plasma (icnsi(y,  magnetic ficl(i  nlagnilu(ic$ two components

of tk magnetic ficlci  in CJSIi coor(iinalcs, ti)c Aurwm] lLicc[roicL  in(icx (A]~) an(i l>s”l.  in  the

GSH coorciina(c  systcm, x-points toward liw Sun, y is in lilt ccliplic plant  pointing in the

(iirwlion ofrwtation oftiw plancls,  anti Yjcomijlctcs tile rigilt-han(i  systcm. “1’11(! atlroral Clcctrojct

is an ionospilcrc curmmt which fiows at - 100 km al[i[u(ic and is typically located al aurwral

lalitu(ics(-63-68°  magnetic latitucic). ‘1’his currcnl bccomcs particularly intense ~iuring ac[ivc

aurm-al  (iisplays  an(i can reach amplitu(ics  of up to 106 Ampcrw. “1’hc AIlin(icx  isa grwund-

bascxi  mcasurcnlcnt of lhc magnetic fic]d associatc(i  with this Current.

An ir]tcrpl~]llctnry  sllockisl~otc(i  in thc~:igurcat  tl~cbcgillllit~gofAtlgtlst  27 by an abrwpt

jump  in the solar win(i velocity, (icnsity an(i magnclic ficl(i magnitu(ic.  “1’hc  incrcasc in ram

pwssurclca(is  to an incrcasc  in IIS’ltopo  sitivcv:lltlcs. “I”ilis is the onscl of the storm initial

phase. ‘1’owar(is thccn(i  of tllc{iay,  13z, tllrllsllcgiltivc  (southward an(i remains in this (iircction

for over 12 hour-s. I>scl (iccr-cases in rtsponsc,  signifying ti]c storm main phase, i,c., the ring

current build-up. As the 1 MI; l~z turns positive (northwarci),  11s’1’  begins to incrcasc and the onset

of the rccovcry phase begins.

in this event, the storm rccovcry phase is exceptionally long. Continuous auroral activity

(All) is associatcct  with this intcrwal anti is illustratc(i  by the bar in the AE panel. During this

time, the intcry]anctary mcciium is cil:~l-tlclerix.c(i  by rapi(i fluctuations in the transverse (y an(i xJ)

componcn[s of the m:]gnctic ficl(i. ‘1’hc ficl(i  magnitu(ic  is relatively constant. Analyses of the

ficl(i  an(i plasma (iata inciicatc ti]at these fluctuations arc Al fvt5n waves (Bclchcr and Davis, 1971 )

propagating outwwi  from the sun. lJsc of magnetic ficl(i  nlcasurcmcnts  on spacecraft closer to

(11c Earth have (icn]onstrateci  that the Al{ incrcascs arc corrc]atcci  with southwar(i (icviations  of

the ficl(i, the latter associated with the Alfv~n waves. ‘1’bus, the aurora] (AI;) activity is duc to

magnetic reconnection (“1’surutani  et al., 1990). llowcvcr,  it is notc(i that there is very little ring

current activity (IIsT) (iuring this cxtcn(ic(i interval.

The effect of the Alfvdn waves upon Lhc rnagnctosphcrc can bc un(icrstcmi  by the nature  of

the southwarct  ficlci components. “1’hc ficl(is arc lCSS intense ti]an tilosc (iuring the storm mail]

phnsc (see Iiigure)  and their (iurations  arc considerably shorter. Thus the consequential nightsi(ic

convccticm will bc of lower vc]ocity  an(i will occur spora(iicaliy. Plasma will only bc brought

into tile outer regions of the r~~:]grlc;tospl~~~r~~  where they fcc(i ti~c high la(itu(ic aurora and not (iccp

into tile magnctosphcrc where the ring current prc(iominan[ly  rcsi(ics.

6



olhcr types of solar witlcl-lll:lgtlclt) spll{:ric  interactions had been hypothcsimd,  such as u

“viscous il)tcrilC[ion’”  hc[wccn  [hc solar wind and [I]c n]agnc(osphcrc (Axford and 1 ]incs, 1961 ;

Sonncrup, 1980). ‘1’here is cvidcncc [hat (hc Kelvin 1 lclnlholy  ins[abi]ity  occurs when the lMI~ is

orthogonal (northward to lhc tail field dircc lion. 1 lowcvcr, it was rcccntly shown that only --

0.1 % of the solar wind ram energy enters (I)c t]l:lgt~c:tospl)crc:  during  thcx events, as compatd  to
.. ,5,>’.,

1 O% dlll”iilg nla~nclic reconnection (storm events).

Another “viscous type” of intc;~~ction is resonant wave-parliclc in[cractions near (I1c daysidc

lll~~llClO1)iltlSL~. II has been shown that ~~lt:c[rol~l:~gllctic  and

IIlilgtlc[osl]c:lll] p l a s m a  a c r o s s  [his boundary at  a ra(c w h i c h

diffusion ratc(”l’surulani  and “1’hornc,  1982). ‘I’hc diffusion and

spccu]atcd [0 bc (11C cause of the daysidc aurora, a low-level

prcscllt.

electrostatic waves can scatter

approaches lo% of the Rohnl

pitch ilt~glc  sc:ittcrit~g  havcbccn

feature which is almost always

V. l~LJ'l'Ul{E  SI}A~li  PIIYSl~S  ANIl  Al;11C)NC)h4Y  h4ISSI()NS

whew do Wc go from llCI’C? IIow arc wcg(~il~g  tof~llly~l[l(lcrst:ll~cl  thcflowofcnc,rgy

from the sun 10 the nlagnctosphcrc  and the eventual sinks in lhc ionosphere and magnctotail?

Onc future space mission is tbc lnlcrnationa] Solar ‘1’crrcslrial  Physics (1 S”1”1’) mission which is

devoted [o quantitatively SOIVC the energy lIOW problcm discussed in this paper. ‘1’hc National

Aeronautics and Space A(ll~~illis[lt~ti(Jl~  (NASA), l{uropcan  Space Agency (ESA), Russian Space

Research lnstitutc  (l K]) and Japnncsc lnstitutr. of Space and Astronautical Scicncc (ISAS)

scientists will place spacecraft in interplanetary space (WI NII, SOHO and ~lustcr),  in the

magnctosphcrc (Polar, and Ous[cr)  and in the tail (CJI ;O1’AI1,)  to do this energy mapping.

1.astly, a mission of the fut~lrc is the Small Solar I’robe spacecraft. “l’his mission is being

considered as anotbcr joint NASA/I IS A/IK1/l SAS mission. “I”hc SIJ~all  Solar Probe is dcsigncci to

go to a distance as C1OSC as 3 solar radii from the sun where the cxtcma] tcmpcraturc  rcachcs

-2100 K, a tcmpcraturc  that will melt most metals or at least make thcm lin~p  or brittle. “J’hc

carbon-carbon heat shield will protect the scientific instruments which arc located in the shield’s

umbra, and will allow them to operate at tcmpcraturcs of - 20” (;. “J’hc international complement
r:-

of instruments will measure flclds ‘and “I~:[lticlcs”J1l.sitL!-  to cstab]ish the cause(s) of coronal

heating and the acceleration of the solar wind, dclcrminc (I1c characteristics of rnicroflarcs and

possibly even detect the rclcasc of a (341;. This mission will probe onc of the two remaining

frontiers of our hc]iosphcrc.
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]iigurc captions

I~ig.  1. “1’hcMarch 18, 1989 cor{Jl~~llt ~~:lsscjccti(~11.  (;oLlr[csy  c) fA. lILI[~cll]i~LlscI).

l:ig. 2.. Ascl~cl~l:~tic  of:~pl:lst~~:~  tlrivcr  g:~s,  sl~c:itl~at~ci  sll()ck.  I>rop:~gatiol~  istotl~crigllL. Atthc

core of the driver gas is a low ~ region charac[criz.cd  by low field variances, low plasma

tcmpcraturcs and 1 lclium cnhanccmcnts. “1’here is sometimes a I Iclium shell around  this low beta

w ‘ion.‘k ‘1’hc shape of the driver has been dctcrmincd by magnetic fic.ld normal analyses. From

Choc  Ct al. (1 992).

liig. 3. A possib]c configuration of the magnetic fields within the low beta portion of the driver

gas. I’akcn from Marubashi  (1986).

liig. 4. Magnetic reconnection bctwccn intcrp]anctary  and magnctosphcric  rnagnctic  fic]ds.

Pig. 5. An example of (he aurora borealis. ‘1’akcn in Fairbanks, Alaska by S.-1. Akasofu.

1 Fig. 6. ]incrgc[ic  particle motions: gym, bounce and drift. “1’akcn  from Williams (1985).

1 ;ig.  7. ‘1’hc t}lrcc phases of a magnetic storm. Scc discussion in Gonzalc~  CL al. (1992).

liig. 8. A rcd aurora. ‘1’hcsc. aurora can occur at low Iatitudcs  and are associated with magnetic

storms. ~our(csy  of Vic IIcsslcr  of the ~]cophysica]  ]nstitutc, LJnivcrsity  of Alaska, Ijairbanks,

AK.

I jig.  9. ‘Jlc various proposed causes of southward magnetic fields in the sheaths of high-speed

intcrplanctfiry  streams.

Fig. 10. An example of a solar flare-rc]atcd high speed in(crp]anctary  stream and its

geomagnetic effects. Taken from ~’surutani  ct al. (1988).

Fig 11. ~ ‘lihc Solar Probe/Picmccr missiml..,
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